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Simple Description of the Figure 

Figure 1 is a cross-sectional drawing of one example of 
the complex powder for thermal spraying according to 
35 the invention. 

Detailed Description of the Invention 

The present invention relates to a complex powder for 
thermal spraying etc., with the basic composition of an 
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NiTi metallic compound, which has the object of 
preventing oxidation during thermal spraying. 

A NiTi metallic compound or a nickel-titanium two- 
element alloy with nickel as the main component, 45-65 
5 mol%, and the remainder titanium or a multi-element 
nickel-titanium alloy in which up to 60% of nickel 
and/or titanium is replaced by one or more of vanadium, 
niobium, tantalum, chromium, molybdenum, tungsten, 
iron, cobalt, zirconium, hafnium, aluminium or an alloy 

10 in which no more than 3wt% of a platinum metal element 
(ruthenium, rhodium, palladium osmium, iridium and 
platinum) is alloyed with the said Ni-Ti multi-element 
alloy and/or the said Ni-Ti two-element alloy 
(hereafter *the nickel-based alloys' ) has a formability 

15 not generally seen in other metal compounds and this 
property along with their resistance to corrosion and 
wear make them materials that are used as special 
materials in the chemical and automobile industries. 

Since, however, these nickel-based alloys are 

20 difficult to cold process it is preferable to coat them 
onto the surface of a more workable metal. 

Thermal spraying of nickel-based alloy powder onto 
the surface of another metal is used as an effective 
means of achieving this objective but if this thermal 

25 spraying is performed in air there is considerable 
oxidisation of the thermal spray film thus formed by 
the air that becomes involved in the thermal spray jet, 
with oxidisation of titanium being particularly marked, 
and there is a risk that the composition of the 

30 thermally sprayed film will deviate from the intended 
composition. 

The present invention was made with the object of 
providing a Ni-Ti complex powder which would prevent 
oxidisation of the thermally sprayed film. 
35 Below, the invention is described in greater 

detail with reference to the figure. Its basic 
structure is such that titanium or titanium alloy, 
which is liable to oxidise, is core 1 and the nickel or 
nickel alloy, which is relatively resistant to 
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oxidation, is covering 2 and the average composition of 
core 1 and covering 2 is equivalent to the composition 
of the desired nickel-based alloy. 

The fact that the titanium alloy powder is the 
5 core and pure nickel is the covering is of advantage in 
that it facilitates the use of methods such as thermal 
decomposition and plating. 

When the invention is used, the titanium or 
titanium alloy powder which is the core should 
10 preferably have a particle size that is -80 mesh pass 
or smaller, preferably -1.00- +325 mesh pass, and the 
shape of the core should be as near spherical as 
possible in order to improve fluidity. 

The titanium or titanium alloy powder is made by 
15 making titanium alloy ingots by conventional arc 
melting and pulverising these. In order to facilitate 
pulverisation, it is preferable to hydride the sheets, 
rods or paddles before pulverisation. 

In the case of pure titanium, titanium hydride 
20 powder should be used. 

If the titanium contains hydrogen, this is 
completely removed by the heating during thermal 
spraying or by melting and none remains in the 
thermally sprayed film and there is no effect on the 
25 characteristics of the film. 

When the thermal spraying according to the 
invention is carried out, there is both a marked 
reduction in oxidation of titanium, and also the 
advantage that, when the base metal and thermal spray 
30 film are heated, this is accompanied by a strong 
exothermic reaction, causing metallurgical bonding 
between them, which increases the adhesion. 
Example 1 

A complex powder was obtained by a hydride 
35 reaction between nickel and ammonium sulphate in 
ammonia solution with anthraquinone as catalyst 

Thus, nickel 30~60g/L, (NH 4 ) 2 S0 4 10~500gr/L, NH 3 
10~40gr/L and anthraquinone 2gr/L were placed in an 
autoclave, titanium powder or titanium hydride powder 
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(-100 ~ + 325 mesh) was added, and these were then 
stirred in a hydrogen atmosphere at a pressure of 20 
atmospheres and at 150~180°C so that the nickel coated 
the powder. When the quantity of nickel in the solution 
5 decreased, the solution was replaced with new solution 
and the reaction continued. These procedures were 
repeated until the weight proportion between titanium 
and titanium hydride to nickel was 45 : 55. The nickel- 
coated titanium powder and nickel-coated titanium 

10 hydride powder produced in this way were thermally 
sprayed onto a steel-blasted mild steel sheet, using an 
argon plasma device, at a rate of 110mm of thermal 
spray, an argon gas flow of 40L/minute and an operating 
current of 500A, to obtain a consistent thermal spray 

15 film of NiTi. 

Further, powder (-100 ~+225 mesh) from ingots of 
an NiTi alloy (with the weight proportion between 
nickel and titanium of 45 : 55) was thermally sprayed 
under the same spraying conditions as above and the 

20 quantity of oxygen contained, adhesion and coating 
hardness and wear of this were compared with those of 
the two coating films described above. The results are 
shown in Table 1. 

A 100 ~ +325 mesh powder was made by pulverising 

25 alloy chips with a weight ratio between titanium, 
molybdenum and iron of 9.3 : 3.7 : 3.3. Using the 
procedures described above, this powder was coated with 
nickel to prepare a coated powder with a nickel - 
titanium weight ratio of 52 : 48. This was thermally 

30 sprayed as above and a metal alloy coating with a 
consistent composition was obtained. 

Further, an alloy powder with the same composition 
as this complex powder (nickel 51.99%, titanium 44.65%, 
molybdenum 1.7 9% and iron 1.5 6% by weight) was 

35 thermally sprayed under the same conditions as Example 
1 and the quantity of oxygen contained, and adhesion of 
this were compared with those of the two thermal spray 
coating films of complex powder described above. The 
results are shown in Table 1. 
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In this case too the thermally sprayed film of the 
same complex powder as in Example 1 showed a smaller 
content of oxygen and a far stronger adhesion. 

The multi-element alloy of Sample 4 showed better 
5 film hardness and wear resistance than the two-element 
alloy of Sample 1. 



Table 1 





Oxygen 

content 

(%) 


Adhesion 
(kg/m 2 ) 


Vickers 
hardness 


Wear 

resistance 
{ mm 2 / kg ) 


No. 1 

( comparison) 


0. 72 


2.7 


455 


27.5X10" 8 


No. 2 

( comparison) 


0. 60 


2.9 






No. 3 

( comparison) 


2.2 


1.2 






No. 4 

(invention) 


0. 66 


2.5 


515 


20. 6X10" 8 


No. 5 

( comparison 


2.4 


1.4 


610 


21. 4X10" 8 



10 An Okoshi rapid wear test machine was used to measure 
wear resistance, and the wear test conditions were as 
follows: wear rate: 2m/sec; wear distance: 200m, load: 
6.5kg, abrasive disc: 30 O high-speed net 
Sample No. 1: titanium powder core and nickel coating. 

15 Sample No 2: titanium hydride powder core and nickel 
coating . 

Sample No 3: metallic compound nickel-titanium alloy 
powder 

Sample No 4: titanium alloy powder core and nickel 
20 coating 

Sample No 5: nickel-titanium-iron-molybdenum alloy 
powder principally composed of a nickel-titanium metal 
compound. 
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(51) Claim 

1 A complex powder for thermal spraying 
characterised in that it comprises a core of powder of 
titanium or titanium alloy or a hydride of either of 
5 these and this is covered by a powder of nickel or 
nickel alloy and in that the average content of the 
whole of this is equivalent to the desired composition 
of a nickel-titanium two-element compound with nickel 
as the main component (45-65 mol%, ) and the remainder 
10 titanium or a multi-element nickel-titanium alloy in 
which up to 60% of nickel and/or titanium is replaced 
by one or more of vanadium, niobium, tantalum, 
chromium, molybdenum, tungsten, iron, cobalt, 
zirconium, hafnium and aluminium. 

15 

(56) Reference 
JP 40-22363 (B) 



Figure 1 
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